A study of the reactions of trifluoromethyl sulphur pentafluoride, SF 5 
Introduction
The recent detection of a new atmospheric trace gas in the stratosphere with a very high global warming potential, trifluoromethyl sulphur pentafluoride (SF 5 CF 3 ), 1 has resulted in a number of studies investigating its photoionisation 2 and electron attachment properties. 3 From the results of the photoionisation study, it has been deduced that the SF 5 -CF 3 bond dissociation energy is 4.1 ± 0.5 eV. On the basis of this value, it has been asserted that SF 5 CF 3 will not be broken down by UV photodissociation in the stratosphere. . This information provides details on the atmospheric fate of SF 5 CF 3 .
Whilst the major stimulus for this study comes from its application to the atmospheric ion chemistry of SF 5 CF 3 , the ion chemistry of a derivative of SF 6 is also of interest. SF 6 is used in reactive plasmas. 4 The rates and products of reactions in plasmas containing SF 6 are either not known or are poorly understood. Studies of the reactions of ions with SF 6 and its derivatives can contribute towards a better understanding of the complex chemistry occurring in plasmas used for industrial purposes.
Experimental
A selected ion flow tube (SIFT) was used to measure rate coefficients and product ion branching ratios of the reactions. The SIFT apparatus and its mode of operation have been described in detail previously. 5, 6 In brief, the reagent ions were generated in an electron impact high-pressure ion source containing an appropriate gas ( ). The reagent ions were mass selected using a quadrupole mass filter, injected into a 300 K helium carrier gas at a pressure of ca. 0.5 Torr, transported along the flow tube and detected by a downstream quadrupole mass spectrometer detection system. SF 5 CF 3 was added in controlled amounts to the ion swarm/carrier gas. The loss of the reagent ions and the appearance of product ions were monitored by the detection system. Relaxed resolution on the quadrupole mass spectrometer was used to determine the branching ratios in order to minimize mass discrimination effects. The reaction rate coefficients and ion product distributions were then determined in the usual way, [5] [6] [7] and are considered to be accurate to ± 20%. The sample of SF 5 CF 3 was commercially purchased (Apollo Scientific Limited) with a stated purity of 99%, and was used without further purification.
Results and Discussion
The experimental reaction rate coefficients, k exp , the product ions, and their branching ratios are given in Table 1 using the empirical approach of Miller and Savchik. 9 Assuming that the dipole moment is zero, the capture rate coefficient can be calculated using the Langevin equation. 10 The results of these calculations are the values for k L presented in Table 1 . The presence of a dipole moment will increase the capture rate coefficient. The effect can be estimated by using the results of parameterized fits to trajectory calculations. The determination of reaction pathways requires knowledge of the ion and neutral products. In our experiments, only the masses and relative intensities of the ion products are determined, so the neutral product(s) can only be inferred from mass balance and thermochemical arguments. The thermochemical analysis is restricted to considerations of enthalpy, and we have ignored any entropic effects. As discussed below, the majority of the reactions are presumed to proceed through dissociative charge transfer, and Table 1 contains the 0 K enthalpies for this reaction channel for all the product ions. The enthalpies of these reactions are, respectively, given by 56 ± 6 kJ mol -1 . 13 The bond dissociation energy of CF 3 -F is taken to be 541 ± 4 kJ mol -1 .
We note that the error in the values of Δ r H o 0 for the four product channels (1) - (4) supplemented by thermochemical information from various other sources, as noted below.
As mentioned above, of the reagent ions used in this study, 
The enthalpy of this reaction was determined using a value for the 295 K BDE(SF 5 20 The enthalpy for reaction (10) has been determined using Only the reaction with N 2 + , the ion with highest recombination energy in this study, resulted in a product ion not observed in any other reaction. This product ion has a mass of 177 u, and could either be SF 4 CF 3 + or SF 5 CF 2 + (or both). However, the S-F bond strength in SF 6 is less that that of C-F in CF 4 , and hence we propose that SF 4 CF 3 + is the product ion. 23 We are also studying the reactions of small anions with both SF 5 CF 3
and SF 5 Cl in the SIFT apparatus. , two values for the 0 K enthalpy of reaction are given. The first value is calculated using the data set of Fisher et al. 12 whereas the second corresponds to that of Irikura. 13 The two values given for the 0 K enthalpy of reaction for the formation of SF 5 + by dissociative charge transfer result from taking the IP(SF 5 ) to be either 9.60 eV (Fisher et al. 12 ) or 9.71 eV (Irikura 13 ). 
